Introduction
In the en ergy sec tor, the most im por tant prob lems that Greece has to face are that: -it does not have direct borders with other European Union (EU) Member States (MS) and, is therefore somehow "isolated", -there are many islands and mountains which are difficult and costly to supply with energy, and -there is a lack of basic energy resources while the only energy resource, lignite, is poor in thermal value. This is the reason why, by the end of 2004, the dependence of Greece on basic energy resources was as high as 70% and it is expected that by year 2020 this will reach 75% [1] . The EU has to im port most of its en ergy re sources and in 2003 the im ports amounted to 70% [2, 3] . Since the role of the EU to the MS is only coordinative, Greece, like all the other MS, has to man age for its own en ergy sup ply.
The en ergy con sump tion in Greece was [3] : -52. Al though Greece is in the last place with re gard to per ca pita ba sic en ergy resources con sump tion, its fast rate of growth (4.7% for Greece com pared to about 2.1% for the Euro area in 2004) causes con sump tion to in crease [2, 4] . By mid-2005, the en ergy sec tor in Greece went through a tran si tion pe riod while there were at tempts to lib er ate the en ergy mar ket, nat u ral gas was in tro duced into the en ergy bal ance and the im por tant energy in dus tries were pri vat ized.
The four en ergy sec tors of petrol, nat u ral gas, elec tric ity, and re new able en ergies are de scribed. Since 99% of the lig nite is used for power gen er a tion [1] this is discussed un der the elec tric ity sector.
Petrol sector
The first at tempt for search and ex ploi ta tion of hy dro car bons in Greece started in 1842 in the is land of Zakynthos. By mid-2006, the only suc cess ful ex ploi ta tion was in the field of Prinos in the North East Aegean. This oil de posit was dis cov ered in 1973 and un til mid-2006 was the only Greek hy dro car bon source. This was small and cov ered only a very small per cent age of the to tal de mand. By mid-2006, this de posit was almost exhausted.
The two large Greek pe tro leum en ter prises, that are still ac tive in the Greek market, were cre ated two years be fore the dis cov ery of the Prinos field. The first, the "Pub lic Pe tro leum Com pany" was cre ated in 1971. This has now been re named as the "Hel lenic Pe tro leum group of en ter prises". By mid-2006, the com pany was owned by the Greek State (by 27.5%), which con trols the com pany's man age ment, by Greek busi ness men (by 41.2%) and by the wider in vest ment pub lic (by 31.3%) [6] . The sec ond, the "Mo tor Oil Hel las group of en ter prises" was cre ated in 1972. In March 2006, the com pany was owned by Greek busi ness men (by 61.5%) and by the wider in vest ment pub lic (by 38.5%) [5] . The Hel lenic Pe tro leum group of en ter prises and Mo tor Oil Hel las: -import crude oil and oil products to Greece in order to cover its increased demand. By the end of 2004, the demand for oil products reached 21 millions tons, representing, as from year 1996, an annual increase of 2.3%. The imports of crude oil are mainly from Iran, Saudi Arabia, and Libya (see tab. 1) while occasionally there are also crude oil imports from Russia. The field of Prinos covers 1.34% of the oil demand; -keep in their possession the four refineries that operate in Greece, and located in Aspropyrgos, Elefsina, Agioi Theodoroi (near Corinth), and Thessaloniki; -are present in business activities abroad and concretely:
-the Hel lenic Pe tro leum group of en ter prises has ex panded its busi ness in the re finery of FYROM, but also in Al ba nia, Cy prus, Montenegro, and the Re pub lic of Geor gia. It is also pre pared to ex tend its op er a tion to Ser bia and Bul garia. With re gard to re search and ex ploi tation, the group ex panded via con sortia in Al ba nia and Libya. It ac tu ally un der takes large in vest ment ini tiatives in the Bal kans, par tic i pat ing in large pro jects such as the pipe lines of Thessaloniki-Skopje and Burgas--Alexandroupolis [2, 6] . The Burgas--Alexandroupolis pipe line pro ject, signed in April 2005 be tween Greece and Rus sia, is the most im por tant inter na tional mem o ran dum, Greece has ever signed in the petrol sec tor. This pipe line also is an tic i pated to be come an in ter na tional oil pas sage; -the Mo tor Oil Hel las group of en ter prises ex ports 25% of its pro duc tion while it in tends to pen e trate in the Bal kans by grow ing the net work of sales through the LPC Com pany of oil prod ucts [5] ; -finally, the Hellenic Petroleum group of enterprises has undertaken, to explore for hydrocarbons in the Greek territory on behalf of the Greek State [6, 7] . The Greek State has also changed its pol icy in the petrol sec tor with a view to lib eral ise this par tic u lar mar ket. How ever, fun da men tal ob jec tives re main the se cu rity of en ergy sup ply, the con stant qual ity of the pe tro leum prod ucts, sta ble and com pet i tive prices for the con sum ers and the pro tec tion of the en vi ron ment.
Based on the in ter na tional evo lu tions and di rec tives of the EU, the fu ture strategy of Greece will fo cus on the: -increase of competition at all levels, -proper operation of the petrol markets, -incentives given to Greek petroleum companies for their further introduction into international markets, -decrease of consumption of oil products and increase of national production in order to reduce the three million tons of deficit and hence reduce the imports of oil products, and -intensification of the search for new hydrocarbon fields.
Natural gas sector
In 1983, the Pub lic Pe tro leum Com pany made the first fea si bil ity study for use of nat u ral gas in Greece. In 1987, the first bi lat eral agree ment for the sup ply of nat u ral gas was signed be tween Greece and Rus sia. Two other agree ments fol lowed be tween the Pub lic Pe tro leum Com pany and the Rus sian com pany Sojuzgazexport (cur rently called Gazexport) as well as the Al ge rian Sonatrach [8] .
In 1988, the Pub lic Gas Cor po ra tion (DEPA) was cre ated as a sub sid iary of the Pub lic Pe tro leum Com pany with the aim to im port, trans port, store, dis trib ute, and sell nat u ral gas in the whole of Greece. By mid-2006, the com pany was owned by the Hellenic Pe tro leum group of en ter prises (by 35%) and by the Greek State (by 65%).
In 1995, DEPA cre ated three sub sid iar ies, which are the Gas Dis tri bu tion Compa nies (EDA) of Attica, Thessaloniki, and Thessaly. Through these com pa nies, DEPA pos sesses 51% of the Gas Sup ply Com pa nies (EPA), which were cre ated be tween 1996 and 2001 and to which DEPA granted the trad ing of nat u ral gas, for con sum ers of medium and low pres sure. The re main ing 49% of the EPAs of Thessaloniki and Thessaly be long to the Ital ian gas com pany Italgas and 49% of the EPA of Attica to the con sor tium Cinergy-Shell, which also pos sesses the ad min is tra tion of three EPAs [8] . By the end of 2005, nat u ral gas dis tri bu tion ex isted only in Attica, Thessaloniki, Laris sa and Volos and in the in dus trial area of Komotini. In or der to ex tend the use of nat u ral gas in other Greek cit ies, lo cal EDAs and EPAs will also be cre ated. Ac tu ally, there is a plan for the cre ation of three new EPAs in the Greek dis tricts of Cen tral Greece, East ern and Cen tral Mac e donia, and Thrace. Those EPAs should be operational by the end of 2006.
The first agree ment for the sup ply of nat u ral gas was signed with Gazprom of Rus sia and sup ply be gan in 1997. DEPA re ceives nat u ral gas in the Greek-Bul gar ian border and dis trib utes it to the rest of the coun try with a pipe line of 512 km that be gins from the bor der and ends up in Attica. The agree ment con sists in sup ply ing 2.24 bil lion m 3 /yr. with the pos si bil ity of an in crease up to 2.8 bil lion m 3 /yr. by 2016.
By mid-2000, the sec ond agree ment was signed with the Al ge rian Sonatrach from which DEPA buys LNG. The agree ment fore sees a sup ply of 0.51 to 0.68 bil lions m 3 /yr. of nat u ral gas as from No vem ber 1999 up to year 2021. Trans port is car ried out with tank ers and re cep tion is at the is land of Revithousa, which lies in the Saronic gulf.
For Greece, nat u ral gas con sists an im por tant source of de vel op ment. This has pen e trated in many sec tors such as the [8] : -electricity generation, with emphasis on combined cycle units. 72% of its total use (1.8 billion m 3 /yr. in the end of 2004) is utilized in this sector. This percentage has already increased because of two new power plants, using natural gas, which are operating and more than four, which are about to be created. By 2010, the total use of natural gas is about to reach 3.6-4 billion m 3 /yr., -industrial, where natural gas is used either as a fuel or as a raw material for the production of chemicals, -urban and commercial, mainly for heating, and -transport, with a first application in the fuelling of 300 buses for urban transport in Attica (end of 2005). At the same time, new uses are pro moted for ap pli ca tions such as cogeneration units, green houses and fuel cells.
As men tioned, DEPA is the only nat u ral gas com pany in Greece and con sequently all steps taken in or der to ex tend into in ter na tional mar kets are car ried out through this com pany. DEPA ap plies a strat egy to be come an im por tant en ergy player in the wider re gion with the aim to es tab lish Greece a "cor ri dor of nat u ral gas" be tween East and West. The ba sic ob jec tive is to have an un hin dered flow of nat u ral gas from its sources, in the wider re gion of the Cas pian sea, the Mid dle East and Cen tral Asia, towards the cen tres of con sump tion in Eu rope and the Bal kan pen in sula via Tur key and Greece.
In or der to achieve this ob jec tive, the fol low ing steps have been taken [7, 8] : -in 2002, a memorandum of collaboration was signed between DEPA and the Turkish BOTAS, for the interconnection of the Greek-Turkish networks, -in 2002, a memorandum of collaboration between DEPA and the Italian Edison Gas was signed for the extension of the Greek infrastructure to the West and its interconnection with the Italian natural gas network, -in 2002, a memorandum of collaboration was signed between DEPA and the Iranian NIOC in order to foresee the possibility of transport of Iranian gas with pipelines to Europe via the interconnection of Greece-Turkey and/or transport of liquefied natural gas from future liquefaction units in Iran to Greece, -in 2002, a Common Declaration was signed between DEPA and SOCAR of Azerbaijan in Baku for the supply of Greece with natural gas and its transport from the Caspian region towards Central Europe via Turkey and Greece, -a protocol was signed between DEPA, BOTAS, and gas companies from the Western Balkan countries which are MAKPETROL of FYROM, the Ministry of Industry and Energy of Albania, the Serbian natural gas company NIS-GAS, the Croatian natural gas company PLINACRO, the Slovenian natural gas company GEOPLIN, and BH-GAS company of Bosnia-Herzegovina. With this protocol, the parties, agreed to participate in a common study and in an investigation of natural gas transport potential from the Middle East and the Caspian countries, -in 2004, started the construction of the natural gas pipeline between Italy and Greece.
The Greek part starts in Komotini and ends in the Ionian Sea and will have a length of about 600 km while the undersea pipeline (part which connects Italy and Greece) will have about 220 km, and -in 2005, a memorandum was signed for the construction of a pipeline connecting Turkey with Austria, via Greece, FYROM, Serbia, Bosnia, Croatia, and Hungary. Greece will have to es tab lish its pol icy for the com ing years ac cord ing to Di rective 2003/55/EC for fur ther nat u ral gas mar ket liberalisation, its fur ther in tro duc tion into the en ergy bal ance and se cu rity of sup ply. The steps that it in tends to take are the following: -find alternative sources for the supply of natural gas, -separate the activities of supply, distribution, transport, and trade according to Directive 2003/55/EC in order to enhance competition, -maintain the transport network under State control and, for its management, create an administrator for the transport of natural gas according to the model of the Hellenic Transmission System Operator S. A. (the administrator of the electricity transmission system), -establish motivations for the introduction of natural gas in the Greek energy market, -intensify the exploration for new natural gas domestic fields, and finally, and -develop the natural gas system, aiming at the uninterrupted and secure supply of all consumers in the country, with a single tariff.
Electricity sector
Elec tric ity reached Greece in year 1889 with the light ing of the his tor i cal cen tre of Ath ens. Sev eral small power com pa nies were cre ated in or der to sup ply small re gions of the coun try with elec tric ity, but with sched ules in elec tric ity sup ply and un bear able tar iffs. In 1950, the State united all these small com pa nies to cre ate the Pub lic Power Com pany (PPC). Till mid-2004, the PPC was the only elec tric ity pro duc tion and trad ing com pany in Greece while in 2000 it pro vided 99.1% of the elec tric ity that was con sumed in the whole coun try [9] . Ac tu ally, the first com pany that pro duces power from nat u ral gas be sides PPC is "HERON THERMO-ELECTRIC SA" with an in stalled power of 148 MW [8] . Un for tu nately there are not yet many data about the new power com pa nies as far as the na tional elec tric ity sys tem is con cerned. Thus the elec tric ity sec tor will be ex am ined through PPC.
In 2001, the scene of the in ter nal elec tric ity mar ket started to change with the begin ning of liberalisation in or der to har mo nise Greek leg is la tion (law 2773/99) with Direc tive 96/92/EC.
In the frame work of this law, the role of the PPC changed since PPC be came a societe ano nyme and was in tro duced in the stock ex change. Two in sti tu tions were also cre ated: the Reg u la tion Au thor ity of En ergy (RAE) which is mainly a con sul ta tive and pro pos ing au thor ity; and the Hel lenic Trans mis sion Sys tem Op er a tor (HTSO S. A.) which ad min is ters the elec tric ity trans port sys tem. The con sum ers are clas si fied in high, me dium and low volt age ones and from there in con sum ers with a choice (con sum ers of high and me dium volt age) and in con sum ers with out a choice (for con sum ers in the islands and low volt age con sum ers). The con sum ers of the first class can choose their electric ity sup plier while the oth ers re main cus tom ers of the PPC. In ad di tion, af ter spe cial per mis sion, any pri vate per son can pro duce and sell electricity to customers who have a choice.
The prob lems that Greece had to face with re gard to the liberalisation of the elec tric ity mar ket were two fold: -the unique company for electricity production was State controlled. This was handled with the progressive privatisation of the company, the reduction of State influence and the split of the company into four smaller autonomous companies, and -the question of how to define the customers with the right to choose their provider.
This problem was handled with the decision to consider as customers with a choice those who consume electricity of medium and high voltage. A new Di rec tive 2003/54/EC im posed fur ther liberalisation of the Eu ro pean elec tric ity mar ket so that all cus tom ers could choose their elec tric ity provider.
As men tioned in the in tro duc tion, lig nite is the unique en ergy re source of Greece that al lows a long-last ing ex ploi ta tion. In year 2003, lig nite re serves reached 3.2 bil lion ex ploit able tons, while a to tal of 1.3 bil lion tons of lig nite have al ready been mined. Lig nite is a poor fuel and, for this rea son, better qual ity coal is im ported from South Af rica, Rus sia, Ven e zuela, and Co lom bia to be mixed with lo cal lig nite and enhance its fuel qual ity [9] .
In 1893 started the first im por tant ex ploi ta tion of the lig nite field of Aliveri in Euboea. In 1959 and 1969, com menced the sys tem atic ex ploi ta tion of the two large lignite fields of Ptolemais in West ern Mac e do nia and of Megalopoli in Cen tral Peloponnese. By the end of 2004, the PPC ex tracted about 70 mil lion tons/yr. of lig nite; 99% of this was used for the gen er a tion of elec tric ity. To day, Greece is in the third po sition with re gard to ex trac tion of lig nite in the EU-25 af ter Ger many and Po land, in the fifth in Eu rope and in the sixth world wide [9] .
PPC pro duces elec tric ity with ther mal sta tions (with fu els con sist ing of lig nite, oil and nat u ral gas), hy dro elec tric plants and re new able en ergy sources such as so lar, wind and geo ther mal. To day, the eight lig nite power sta tions of PPC com prise 44% of the coun try's to tal in stalled ca pac ity and pro duce nearly 64% of the coun try's elec tric ity. In the first half of 2004, the to tal in stalled power of the 98 PPC sta tions amounted to 12,224 MW (see fig.  1 ). In 2004, the net elec tric ity pro duc tion reached 52.5 TWh [9] .
There are also some big and a lot of small pro duc ers but there are not yet enough data about their par tic i pa tion in the Greek elec tric ity sys tem. They pro duce power from nat u ral gas and from re new able en ergy sources such as so lar, wind, bio mass, and hy dro. The big ones pro duce power mainly from nat u ral gas and by the end of year 2005 there were two with an in stalled ca pac ity of 538 MW. By the end of 2006, two other pri vate plants might get into the pro duc tion sys tem; they will also use nat u ral gas with an installed ca pac ity of 746 MW [8] .
The Greek elec tric ity trans port sys tem is con nected with the neigh bour ing electric ity sys tems of Bal kan states and of It aly. The in ter con nec tions with Al ba nia and FYROM are with two lines; the one of 400 kV and the other of 150 kV. With Bul garia, the in ter con nec tion is car ried out with a unique line of 400 kV. Be tween Greece and It aly, a di rect line of 400 kV of di rect cur rent (DC link) and 500 MW is in op er a tion since summer 2002. This line has a length of 270 km, 163 km of which are un der wa ter. By the end of 2006, the PPC in agree ment with the HTSO in tends to es tab lish a con nec tion line of 400 kV with Tur key. All these in ter na tional con nec tions are shown in fig. 2 . The in stalled power of the in ter con nec tions is 4,400 MW. Greece is a mem ber of the Un ion for Co or di - Figure 1 . Detailed map of PPC's production stations [9] na tion of Trans mis sion of Elec tric ity (UCTE) and its elec tric ity trans port sys tem op er ates syn chro nous and par al lel with the Eu ro pean trans port sys tem [10] .
Dur ing the pe riod 2000-2002, the elec tric ity de mand in creased by 6.5%/yr. (Greece is the sec ond EU-15 MS af ter Ire land in this re spect) which is much higher than the EU-15 av er age, which is 3.6%/yr. This trend is ex pected to con tinue for two reasons. The first is that elec tric ity con sump tion in Greece is lower than the EU-15 av erage (4.1 MWh/ca pita for Greece vs. 6.5 MWh/ca pita for the EU). The sec ond is that the house hold tar iffs are the low est in the EU-15 (Greece is at the last place with 6.3 €/100 kWh be hind Fin land with 8.66 €/100 kWh) [11] .
In or der to en ter the new EU elec tric ity mar ket, the stra te gic ob jec tives that Greece will try to achieve are mainly as fol lows: -all customers, including household consumers, do become selecting, according to Directive 2003/54/EC, -PPC is modernised to make it a basic competitive producer in the liberalised electricity market. This will be achieved with the progressive replacement of all old production units with equivalent ones of new technology and higher efficiency, and -there will be a guarantee of a competitive operation of the market and sufficiency of electricity supply.
Renewable energy sector
In the sec tor of Re new able En ergy Sources (RES), Greece can be con sid ered priv i leged by na ture. The cli mate is Med i ter ra nean with a lot of sun light and the winds that pre vail, es pe cially in the is lands of the Aegean, have both en hanced du ra tion and inten sity. With re gard to in vest ments in RES, Greece is in the sixth best po si tion in the EU and in the eighth in the world [12] .
The PPC be gan with RE dur ing the 1970s with cer tain mea sure ments and research, while the first in stal la tions be gan in the 1980s, based on three sources of en ergy i. e. so lar, wind and geo ther mal. In 1995, with law 2244/95, im por tant in vest ment ef forts be gan mainly by pri vate in ves tors. The law al lowed self and in de pend ent pro duc ers to in stall up to 50 MW units. By mid-2004, about 10% of the gen er ated elec tric ity was from RES. RES also rep re sented about 6% of the to tal en ergy pro duc tion. Ta ble 2 shows some his tor i cal data and the fu ture trends of the RES sec tor in the Greek elec tric ity sys tem [13] . A 1997 white pa per of the EU on "En ergy for the Fu ture: Re new able Sources of En ergy -a Com mu nity Strat egy and Ac tion Plan" de ter mines the tar gets in the sec tor of RES. The main ob jec tive set for the EU-15 was to dou ble the share of RES in the gross inter nal en ergy con sump tion from 6% in 1997 to be come 12% in 2010. Di rec tive 2001/77/EC aimed at the in crease of elec tric ity gen er a tion from RES, from 14% in 1997 to 22% in 2010. There fore, the Greek Min is try of De vel op ment set as an ob jec tive to increase elec tric ity gen er a tion from RES from 5.5 to 11% by 2005 and to 22% by 2010. By the end of 2004, elec tric ity gen er a tion from RES reached 10% [1, 14] .
Ac cord ing to Di rec tive 2003/30/EC, the MS will have to in tro duce a min i mal part of bio-fu els into their mar kets. This con sists in 2% of the to tal gas and Die sel that the MS use in their mar kets by the end of 2005 and to reach 5,75% by the end of 2010. In Greece by 2005, the bio-die sel pro duc tion was about 67,000 tons which con sisted in 2% of the de mand. Ta ble 3 shows the es ti ma tion of bio-die sel con sump tion in Greece from 2006 to 2010 [15] . In or der to achieve the EU ob jec tives, the pol i cies set for the com ing years are: -to develop land planning for the installation of RES units. This will result in the exploitation of the country's potential, -to create an infrastructure that would strengthen the electricity transport system in regions of high wind potential, -to give incentives for investments in the RES sector, and -to develop further bio-fuels technology and to make use of the already existing one mainly in the transport sector.
Energy and environment
The en vi ron men tal pol icy in tro duced as from year 2000 and still in de vel op ment con cen trates in three fun da men tal as pects: -to better supervise all emissions, and particularly the greenhouse ones according to the Kyoto protocol, so that they do not increase by more than 25% by 2008-2012 with respect to 1990. For this purpose, high technology systems for pollutants retention were introduced. However, in 1990 there were 110,212.31 ktons CO 2 eq. emissions and in 2002 these increased by 20.9% [7] , -to reinforce the application of existing regulations on air quality, especially with regard to lignite fields, and -to re-instate the old mines. The PPC is already reforesting old open-air mines, while there are efforts to convert those areas into cultivable land.
Conclusions
Greece suc ceeded in its ob jec tives set as from year 1950 and up to the mid-90s. Since, it has pro gres sively in tro duced new ob jec tives, based on EU di rec tives or In ter national En ergy Agency (IEA) and other in ter na tional or gani sa tions rec om men da tions.
The ob jec tives set for the pe riod start ing as from the mid-90's are: -to guarantee energy supply in primary energy sources and from multiple sources, -to progressively liberalise the entire energy market, up to the point that the role of the state will only be legislative and regulating, -to protect the environment, starting with the objectives set by the Kyoto Protocol, -to develop RES to the target limits imposed by the EU, -to promote rational use of energy and savings of energy and to further develop co-generation, and -to establish equal access for all consumers to low-cost and good quality energy.
As from the be gin ning of 2000, the en ergy pol icy of Greece is at a turn ing point and re quires im por tant de ci sions since many and dif fi cult ob jec tives are set. Dur ing the next de cade, im por tant changes will take place in the en ergy sce nario. This is due to the liberalisation of the en ergy mar ket, the new in vest ment op por tu ni ties in new tech nol ogies, the need to adapt to the en vi ron men tal re quire ments par tic u larly with re gard to Kyoto and to the ex ten sion of ac tiv i ties to the Eu ro pean and Bal kan mar kets. The tran sition pe riod is crit i cal since it has to be har mo nized with the three main ob jec tives: compet i tive ness of in dus try, pro tec tion of the en vi ron ment, and se cu rity of en ergy sup ply. An im por tant di ver gence would have con sid er able con se quences.
In con clu sion, the lib er al iza tion of the en ergy mar ket should con tinue while ensur ing that there will be no prob lems with en ergy sup ply. The funds ob tained from privatisation should also be prop erly in vested. New in ves tors in the en ergy mar ket should be en sured and, nat u rally, mea sures for the pro tec tion of the en vi ron ment should be taken. Fi nally, the de vel op ment of RES and en ergy sav ings should be en hanced.
